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FAILURE MODES EFFEC:TE ANALYSIS {(FMEA) — CIL HARDWARE
NUMBER: MB-TMR-BMUOOE-X

SUBSYSTEM NAME: MECHANICAL - EDG ' .
REVISION: 2 /a5

PART NAME PART KUMSER
VENDOR NAME VENDOR NUMSER
LRY - GUIDE RING ASSEMBLY 33U ET1.011-05
- NPO-ENERGSA ' 2BVLINA.011-05
SRU : ASBEMELY, CAPTURE LATCH S3UELE 025
NPCO-ENERGIA TV ER2.025

PART IATA

EXTENDED DESCHIFTION OF PART UNDER ANALYE|S:
CAPTURE LATCH ASSEMBLY :

REFERENCE DESIGNATORS:

QUANTITY OF LIKE ITEMS: 3
THREE {ONE PER GUIDE PEDAL)

FUNCTION:

THREE ACTIVE (CAPTURE) LATCHES, ONE ON EACH GUIDE FEDAL OF THE CRBITER
DOCKING RING, PROVIDES POSITIVE CAPTURE TO THREE PASSIVE (BODY MOUNTED)}
LATCHES LOCATED ON THE MIR DOCKING MECHANISM. CAPTURE LATGH ROLLER
MECHANISMS MOVE ASIDE DURING CLOSING CONTACT WiTH THEIR OPPOEING SOOY
MOUNTED LATCHES AND AAE SPRING CRIVEN TS LOCK AFTER PASSING THE THREE
PASSIVE BODY LATCHES (LUGS), TWD ROLLER MECHANISMS LOCATED ON EACH
CAPTURE LATCH ASSEMBLY PROVIDE A REDUNDANT MEANS OF CAFTURE.

' UPON RECEIFT OF A "CLOSE CAFTURE LATCH' COMMAND, POWER 1S APPLIED.
THROUGH REDUNDANT *LATCH MOTOR OPEN' SENSCR CONTALT SETS TO A SINGLE

AGTUATOR MOTOR TO EXTEND BOTH ROLLERS OF ONE CAPTURE LATCH ASSEMBLY.
A "LATCH INDICATION CLOSED" SENSQOR ON EACH ACTUATOR SENSES THE CLOSED
POSITION GF THE LATCH AND SENDS REDUNDANT SIGNALS TO THE DOCKING '
CONTROL FANEL VIA THE DSCU TO ILLUMINATE THE "LATCHES CLOSED" LIGHT WHEN
ALL THREE CAPTURE LATCHES ARE CLOSED.,

UPOIN RECEIPT OF AN "OPEN CAFTURE LATCH" COMMAND (FOLLOWING COMPLETION
OF THE DOCKING PROGCESS), POWER IS APPLIED THROUGH REDUNMDANT “LATCH
MOTOR GLOSED SENSOR CONTACT SETS TO A SINGLE ACTUATOR MOTOR TO
RETRACT BOTH ROLLERS OF THE CAPTURE LATCH ASSEMBLY FOR LINDDCKING OF
THE MIA AND QRBITER. A "LATCH INDICATION DPEN" SENSOR LOCATED ON EACH
CAPTURE LATCH ACTUATOR SENSES THE OPEN POSITION OF THE LATCH AND SENDS
AEDUNDANT SIGNALS TC THE DSCU TO ILLUMINATE THE "LATCHES OPEN’ INDICATOR
LIGHT ON THE DOCKING CONTROL PANEL AND COMMAND RING TO RETRACT WHEN
THE SENSOR ON ALL THREE CAFTURE LATCH AGTUATORS IS5 CLOSED.
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THE THIAD CONTACT SET OF EACH "LATGH INDICATION OPEN" AND "LATCH
INDIGATION CLOSED" SENSCH [8 UTILLZED FOR GROUND MONITORING OF CAPTURE
LATCH POSITION. CAPTURE LATCH "INITIAL POSITION" IS ALSU DOWNLINKED FOR
GROUND MONITCRING,

IN THE EVENT A CAPTURE LATCH FAILS TC OPEN, THE MANUAL LATGHUNBLOGCKING
DEVICE CONTAINED BEHIND THE CAPTURE LATCH ASSEMBLY WILL PROVIDE MANUAL
RELEASE QF THE LATCH. A BUTTON ON EACH SIDE OF THE DEVICE, WHEN
DEPRESSED SIMULTANEQUELY, WILL RELEASE LATCH CONTROL BY THE LATCH
ACTUATOR, THUS ALLOWING BOTH CAPTURE LATCH ROLLEAS TO RETRACT T THEIR
OPEN POSITION.

SEAVICE IN BEETWEEN FLIGHT AND MAINTEMANCE CONTROL:
VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITE CALIBRATING
DOCKING MECHAMIEM.

MAINTAINABILITY
REPAIR METHOD - REPLACEMENT.

REFERENCE DOCUMENTS;: -33U.6322.025
IBET1.0T1-05
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FALURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: Mi-1MR-BMOOS- D
REVISIONS 1 talt
SUBSYSTEM MAME: MECHANIGAL - EDS
LAU: GUIDE RING ASSEMBLY CRITICALITY OF THIS
ITEM NAME: ASSEMBLY, CAFTLRE LATCH FAILURE MODE: 217

FAILURE MODE:
JAMMED RCLLER IN EXTENDED FOSITION

MISSION PHASE:
mja) ON-OREBIT

YEHICLE/PAYLOAD/KIT EFFECTIVITY. 104 ATLANTIG

CALISE:
CONTAMMATION, STRUCTLRAL FAILURE DUE TO MANUFACTUREMATERIAL DEFECT

CRITICALITY 14 DURING INTAGCT ABORAT ONMLY? NO _
CRIMICALITY 1A2 DURING WTACT ABORT ONLY (AVIONICS ONLY)T N/A

REDUNDANCY SCREEN  A) /A
B} N/A
C} A

RASS/FAL RATIOMALE:

A)
N/A

B}
N/A

)
N/A .

METHOD OF FAULT DETECTION:
VISUAL OBSEAVATION - THE INABILITY OR DIFFICILTY TEI GAFTURE MAY IHDH:ATE A
CAFTURE LATCH JAMMED ROLLER CONDITION.

- FALURE EFFECTS -

{A) SUBSYSTEM:
FAILURE OF CAPTURE LATCH ROLLER TO MOVE ASIDE WHEN IN CONTACT WITH TT5

OPPOSING BODY MOUNTED LATCH ON THE MIR DOCKING MECHANISM. CAFTURE
HETWEEN URBITER DOCKING MEGHANISM RING AND MIR DOCKING MECHANISM ALY
NOT BE POSSIBLE.

(B} INTERFACING SUBSYSTEMWS)
NO EFFECT CN INTERFACING ORBITER SUBSYSTEMS.

@ g Praprfatary Data
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FALLURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: M8-1ME-HMO0S- G4

{C) MISSION:
WORST CASE, INABILITY TQ CAFTURE FOLLOWING FIRST FAILURE RESULTING IN LOSS
OF DOCKING AND SUBESEQUENT LOSS OF MISSION DBJECTIVES.

{D] CREW, VEHICLE, AND ELEMENT{S):
REPEATED ATTEMPFTS AT CAPTURE. WITH A JAMMED AOLLER, CCULD CALUSE SLIGHT
DAMAGE TS 80TH ORARITER AND MR DOCKING MECHANISME.

(E) FUNCTIOMAL CAITICALITY EFFECTS:
MA

DESIGN CRITICALITY (PRIOA TO OPERATIONAL DOWNGRADE, DESCRIBED IN F): 272

{F] RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:
MA (THEAE AAE NO WORKARDUNDS TO CIRCIMWYENT THIS FAILURE.)

-DISPOSTION RATIONALE-

(A) DESION:

A JAMMED GAPTLRE LATCH ROLLER 1S CONESIDERED VERY REMOTE. THE CAPTURE
LATCH ADLLER ASSEMBLY IS DESIGNED TO ALLOW EASE OF MOVEMENT WHEN
CONTACTING THE OPFOSING BODY MOUNTED LATCH. THE CAPTURE LATCH
ASSEMBLY IS COMPLETELY ENCASED TC PREVENT INTRAGDUGING CONTAMINATION
LARGQE ENOWSH TO CAUSE A JAMMING.

{B) TEQT:

t. VIBRORESISTENT TEST - APDS SUBJECTED TO THE FOLLOWING VIBRATION
LEVELS FOR 2 MINUTES PER AXIS:

FREQUENC {HZ} SPECTORAL DENSEITY ACCELERATION
[FHOM 20 TC .- INCREASING, I0B OGTA
| FROM 80 TG .- 0 PERMANENT 0.

FROM 350 TO. 2000 DECRAEASING 3DB DG TAYE WITH 0.04G/HZ

SUBSEQUENT TOTHIS TEST AN INSPECTION IS PERFORMED TO IDENTIFY
BROKEN OR LOOSE HARDWARE.

2. DOCKING MECHANISM CHECKOUT (STATIC) TEST - CAPTURE LATCH ROLLER
OPERATION IS VERIFIED WHEN THE DM SIMULATOR COMES IN CONTACT WITH
THE RING ASSEMELY. THIS ASSURES CAPTURE OF THE LATCHES OF THE RING
ASBEMBLY WITH THE BODY LATCHES OF THE SIMULATOR.

3, THEAMO VACLUM TEST - DOCKING OF THE MECHANISM 12 THERMALLY
CYCLED, UNDER LOAD CONDITIONS, FROM +20°C TO -50/-55°C TO +50/485°C TO
+20°C TN A VACUUM AT 10°* TO 185 TORA. DWELL AT EACH TEMPERATUFE AND
BETWEEN OPERATIONS AT EACH TEMPERATURE 18 A MINIMUM OF 80 MINUTES
AFTER STABILIZATION, OPERATIONS INCLUDES PERFORMING CAPTURE.
PROPER OPERATION DF THE CAPTLRE LATCH ROLLERS IS VERIFIED FOR A
TEMFERATURE RANGE OF -50C/-55°C TO SOMCIssG,

RSC  Proprietary Data |
@ﬁ""" i M8-1MR - 112 .
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NUMBER: MS-1UA-BAOS- Od

4. CONTROLLED DOCKING TEST - CONTROLLED DOCKING IS PEASORMED
LINDER LOAD CONDITIONS. CAFTURE LATCH ROLLERS MOVE ASIDE DURING
CAFTURE. THIS TEST WILL VERIFY PROPER QPERATION OF THE CAPTURE.
LATCH ROLLERS.

1. VIBRATION STRENGTH TEST - APDS SUBIECTED TO THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOR A 400 SECONC DURATION.

FREGUENCY (W) SPECTORAL DENSITY ACCELERATION
FROM 20 TO 80 INCREASING. 508 OCTAVE TO 0.067G4HZ
[FROM 80 TG 360 | CONSTANT 0.067
FROM 350 T 2000___{ DECREASING 308 DCTAVE WITH 0.

SUBSEQUENT.TQ THIS TEST AN INSPECTION 15 PEAFCRMED TO IDENTIFY
BROXEN OR LOGSE HARDWARE,

2. THANSFORTABILITY STAENGTH TEST « SHIPPING LOADS ARE SIMULATED ON
A VIBAATING TABLE TO VEAIFY THAT THE DOCKING MECHANIZM WILL NOT BE
DAMAGED DURING SHIFMENT, THIS TEST IS CONDIUCTED UNDER THE
CONDITIONS CONTAINEL IN THE FOLLOWING TABLE

VIBRATION [ VIBRATION FREQUENGY SUBSBAND, HE 1 TOTAL TEST
ACCELER ACCELEM 57 | 715 | 830 | ap40 | 400 DURATION
DIRECTION | AMPLITUDE TES‘I' :IUHA'I'IGH, MIN HR MM
|FALONG X-AXiS 14 - - — - a
12 75 aa 32 a1 -0 5 T

[ ALONG Y-AXIS 11 - 4 an - - &
1.0 13 18 7 1n 7 -

|[ ALONG Z-AXi& 1.4 - T4 - - - 4
1.0 a2 4 1& p--) 1& 2 10

SUBSEQUENT TO THIS TEST AN INSFECTION 15 PERFDAMED TO IDENTIFY
SROKEN OR LOQSE HARDWARE,

3. SHOCK AND SAWTOOTH LOARING STRENGTH TEST - DOCKING MECHANISM
IS BUBIECTED TO 200 TERMINAL SAWTOOTH SHOCK PULSES IN EACH AXIS, 3
FULSES IN EACH DIRECTION FOR A TOTAL OF § PLASES/ANS. AFTER
G-DHPLE‘I'IME AHHEPE:IIOHIEFEHFDHMEDWIDENIIFYEHQHHIWLWBE
HAADWAR '

4. APDS SERVICEABILITY TEST W A S51X-DEGREE-CF-FREEDOM DYNAMIC TEST -
THE SX-DEGREE-OF-FREELCM DYNAMIC TEST YERIFIES AFDE DOCKING AND
UNDOCKING OPERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONS. STATIC
MOTION OF ENTITIEE |€ SIMULATED LUNDER SPECIFIC INERTIAL ANE
GEOMETRICAL FARAMETERS FOR VARIOUS INITIAL CONDITIONS FOR

- MIRVBHUTTLE DOGKING. A TOTAL OF 20 DOCHINGS 18 PERFORAMED., THE

ABILITY OF THE CAFTURE LATGH ROLLERS TO MOVE ASIDE WHEN N CONTACT
WITH THE OPPQEING BODY MOUNTED LATCH |18 VERIFIED DURING CAFTURE OF
EACH DOCKING SUESEQUENT TC THIS TEST AN ENGINEERING INSPECTION 5
FPEAFORMED TO IDENTIFY BAOKEN OA LOOSE HARDWARE.

@! Proprietary Data
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| FAILURE MODES BFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER; M3-1MR-GMO0S- 04

§. COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHANISM IS
THERMALLY CYCLED FROM +20°C TO 508870 TO +504485C TO +20°C IN A
VACUUM AT 1074 TC 1075 TORR, DWELL AT EACH TEMPERATURE AND BETWEEN
OPERATIONS AT EACH TEMPERATURE IS A MINIMUM CF 63 MINUTES AFTEA
STARILIZATION. CAPTURE LATCH ROLLER CRERATION IS YERIFIED DURING
EACH DOCKING, AS SHOWHN BELOW.

DOCKING SIMULATOR PRESS

SEQ RATE, ROTATIONAL ANGLE | TEMP | VOLTAGE | INFEGRITY
NO. WS PITCH ROLL " VOLTS | CHECKOUT
y 010 o o 25 /10 23 YES
2 .10 0 4 28 +10 7 NG
b | LR 47 4¢ 26 »10 X7 MNOD
4 — — - +5+/-5 — YES
£ 6.10 e o ~EOH5 =7 YES
5 — — - (8047-5) — YES
g 0.10 -~ 5] ~{304-5) a7 YES
& — — — +804/-5 — YEE
8 0.12 " a +80+-5 73 YES
7 — — v -{B04/5) o YES
7 010 g ar 30 +-5) 23 YES
B — — e 505 — YES
) b1z & 4° 50 +-5 34 YEB
& — — — | (60w} — YES
-3 012 4° g (30 +4-5) T YEB
10° — — — +E0+5 — YES
10 oAl o o +504-5 27 YES
1" — — o {B0+/~5) — YES
] 0.10 0° ar {30 +4-5} Z7 YES
12" — i * s B =5 ) — YES
Fd a.10 o * 50445 27 YES
1 — — - ~{B0+-5} — YES
13 0.12 D ar {30 ++5) 27 YES
14* _— _— o +504-5 = YES
Ty 0.12 O 2" +E0HD 27 YES
15 012 Fz '] w254-10 | - 23 YES

"MCE21-00H7T-2001, 4001, & 5001 ONLY

AFTER COMPLETION AN INSPECTION IS PERFORMED TO IDENTIFY BROKEN CR
LOCSE HARDWARE.

&. TARGET SERVICE LIFE TEST - TESTS ARE PERFORMED TO VERIFY PROFER
DOCKING AND UNDOCKING OPERATIONS OVEA ITS LIFE OF 100 DOCKINGS.
PROPER OPERATION OF THE CAFTURE LATCH ROLLERS 1S VERIFIEQ DURING
100 DOCKING AND UNMATING CYCLES, AFTER COMPLETION AN INSPECTION 1S
PERFORAMED TO IDENTIFY BROKEN OR LOOSE HAROWARE.

Rsc
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FAILURE MODES EFFECTS AMALYSIS {FMEA) ~ CiL FAILURE MODE
NUNBER: Mi-1MR-BMOOS- 04

7. CONTROL DISASEEMBLY - UPCON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANISM IS DISMANTLED AND CAPTURE LATCH ASSEMELIES ARE
CHECKED FOR EVIDENCE OF WEAR OR FAILURE.

OMRSD - TURNARGUND CHEGKOUT TESTING I3 AGCOMPLISHED IN ACCORDANGE WTH
OMRZED.

(C} INBPECTIOMN:

RECEIVING INSPECTION

COMPONENTS ARE SUBJECTED TO A 100% RECEMNIMG INSPECTION PRIOR TO
INSTALLATION.

CONTAMINATION CONTROL
CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROGCM CLEANLINESS, PARTS WASHING ANC OTHER
QPERATIONS OF THE TECHNQLORICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRITICAL PRGCESSES
ANCDIZING, HEAT TREATING, SOLDERING, GHEMICAL PLATING. AND CURING VERIFIED
BY INSPECTION.

ASSEMBLYANSTALLATION i
TORQUE, ADJUSTMENTS AND TOLERANCES mcnnmue TO TECHNICAL RECHJIREMENTS
OF THE DRAVNGS ARE VERIFIED BY INSPECTION.

TESTING
ATPIOTP TESTING VERIFIED BY INSPECTION.

HAMNDLING/FACKAGI NG
HANDLING/PACKAGING FROCEDURES AND REQUIREMENT FOR SHIPMENT VERIFIED BY

INSPECTION.

{D} FAILURE HISTORY: '
DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES
EXPERIENCED DURING GROUND PROCESSING OF ODS DOCIING MECHANISMS CAN 8E
FOUND IN PRAGA DATA BASE!

) OPERATIONAL USE:
NONE
“APPROVALS -
DESIGN ENGINEER . MLNIKOLAYEVA - M
DESIGN MANAGER . A SOUBCHEY : )
NASA SS/MA : :
NASA SURSYSTEM MANAGER
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